Low Power High Speed CMOS Interface for MOS Gas Sensors  by Stahl-Offergeld, M. et al.
 Procedia Engineering  120 ( 2015 )  1046 – 1049 
1877-7058 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of EUROSENSORS 2015
doi: 10.1016/j.proeng.2015.08.721 
ScienceDirect
Available online at www.sciencedirect.com
Abst
A un
diffe
trans
diffe
const
whic
a reg
 
© 20
Peer-
Keyw
1. In
N
is co
redu
pow
negl
W
fast 
long
 
* C
E
Low Po
ract
iversal CMOS
rent integrated 
istor as current
rent readout el
ant current sen
h allow fast an
ister based SPI
15 The Author
review under r
ords: MOS gas s
troduction 
owadays, a lo
ncerned, the 
ced, thanks to
er consumptio
ected, althoug
ithin the FP7
and low pow
 term stability
 
orresponding aut
-mail address: m
wer Hig
M
Fraunhofer
 integrated MO
heater sources
 source with an
ectronics for th
sor bias. All m
d low power m
 interface. 
s. Published by
esponsibility o
ensor interface, h
t of work is b
focus is prima
 the latest de
n has been r
h it has a con
 project MSP
er heater cont
. 
hor. Tel.: +49-91
arkus.stahl-offer
h Speed
.Stahl-Off
Institute for Integ
S gas sensor 
 with a maxim
 output range o
e sensor’s res
easurements a
easurements. T
 Elsevier Ltd. 
f the organizing
otplate interface
eing done on
rily on the se
velopments i
educed by us
siderable infl
 a CMOS in
rol modes, as
31-776-4674; fax
geld@iis.fraunho
EUROSEN
 CMOS
ergeld*, H
rated Circuits, A
interface for ap
um output rang
f several hund
istance work w
re digitized w
he configuratio
 committee of 
, temperature-mo
 the further de
nsor layers. S
n layer comp
ing new mic
uence on the 
tegrated circu
 well as a ne
: +49-9131-776
fer.de 
SORS 201
 Interfac
.-P. Hohe,
m Wolfsmantel 3
plication deve
e of 20 V and
red mA allow 
ithin a range o
ith two free co
n of the chip a
EUROSENSO
dulation 
velopment o
ensitivity ha
ositions and 
ro hotplate st
sensor perform
it for MOS g
w readout mo
-4499. 
5 
e for M
 M. Hackn
3, 91058 Erlang
lopment and s
 40 mA and th
the operation o
f 1 k up to 
nfigurable high
nd the readout
RS 2015. 
f MOS gas se
s been increa
nanowires [1
ructures [3]. 
ance and po
as sensors h
de for the se
OS Gas 
er 
en, Germany 
ensor research
e possibility to
f nearly all kin
10 M with a
 speed low no
of the measure
nsors. As far 
sed and aging
, 2]. Concern
The sensor e
wer dissipatio
as been devel
nsor’s resista
Sensors
 is presented. 
 operate an ex
ds of hotplates
 constant volta
ise analog cha
ments are done
as the sensor 
 effects have 
ing the heater
lectronics is 
n.  
oped. This al
nce to improv
 
Three 
ternal 
. Two 
ge or 
nnels 
 with 
itself 
been 
, the 
often 
lows 
e its 
 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of EUROSENSORS 2015
1047 M. Stahl-Offergeld et al. /  Procedia Engineering  120 ( 2015 )  1046 – 1049 
T
curr
Add
hun
T
con
100
A
high
incr
chan
B
to e
2. L
A
the 
show
 
 
B
40 m
regu
supp
B
seve
T
duri
o enable a h
ent range can
itionally, it is
dred mA.  
he senor’s re
stant voltage 
 mV, the DC-
t a constant 
 sensitivity b
eased [4]. Th
nels and a sp
y using the p
nable battery 
ow Power H
 basic heater
heater resista
s the basic p
y changing t
A in 5 mA 
lated low vo
ly voltage of
y the use of 
ral hundred m
o evaluate th
ng measurem
igh flexibilit
 be set betw
 possible to c
sistance in th
source or co
field-induced
temperature, 
ut only low s
ese temperat
ecial Serial P
latform chip 
powered appl
eater Interfa
 source requi
nce in comb
rinciple of th
he gain of th
steps. The ma
ltage cascode
 the heater ha
an external t
A. 
e influence 
ents. The foll
y towards dif
een 5 and 4
ontrol an ext
e range of 1 
nstant curren
 migration of 
which is dep
electivity. Wi
ure modulatio
eripheral Inte
it is not only 
ications. 
ce 
rement is an a
ination with 
e heater interf
Fig. 1. Bas
e current mir
ximum heate
, so the voltag
s to be as low
ransistor and 
of different h
owing source
ferent MOS 
0 mA in 5 m
ernal transisto
k up to 10 
t source. By
ions, the main
ending on the
th temperatur
ns need fast 
rface SPI inte
possible to do
ccurate temp
a microcontro
ace. 
ic principle of th
ror the range
r voltage is 2
e drop acros
 as possible. 
a shunt an ex
eater sources
s are impleme
gas sensors, 
A steps. Th
r with a shun
M can be m
 using the co
 reason for th
 detectable g
e-modulated 
measurement
rface.  
 high speed m
erature contro
ller using a 
e low power heat
 of the heate
0 V. For low
s the heater s
ternal curren
 on the senso
nted on the p
different pow
e voltage ran
t to reach hig
easured with
nstant voltag
e sensor agin
as and sensor
sensor operat
s which coul
easurement b
l. This can b
current sourc
er interface. 
r current can 
 power consu
ource can go 
t source can 
r it is possib
latform chip:
er ranges ca
ge can be se
her heater cur
 two different
e mode with
g [2], can be 
 layer, MOS 
ion modes the
d be done wi
ut also to use
e achieved by
e to operate 
be adjusted b
mption, the o
down to 0.5 V
be achieved w
le to switch 
n be selected
t to 5 V or 
rents up to s
 interfaces u
 a typical b
reduced. 
gas sensors h
 selectivity c
th two fast a
 low power m
 a measurem
the heater. F
etween 5 mA
utput stage u
. Additional
hich can go 
among them,
. The 
20 V. 
everal 
sing a 
ias of 
ave a 
an be 
nalog 
odes 
ent of 
ig. 1. 
 and 
ses a 
ly the 
up to 
 even  
1048   M. Stahl-Offergeld et al. /  Procedia Engineering  120 ( 2015 )  1046 – 1049 
T
B
v_sh
temp
T
ě¨-
rate 
3. L
T
or a 
seno
to 1 
mea
0.9 V
smal
indu
agin
In
With
mea
resis
 
a 
 
 
x IDC: 
x VDC:
x ISD: s
x IExt: 
he current sou
y measuring 
unt, the heate
erature. If thi
he heater inte
ADC with 4 
(OSR) the hea
x Resolu
x Resolu
ow Leakage A
he platform c
constant curr
r and the volt
V can be app
sured with the
) it is possib
l shunt voltag
ced migration
g can obvious
evitable prob
out counterm
surements. Th
tances beyond
constant curre
 constant volt
igma delta m
external const
rces IDC, VD
the heater vo
r resistance c
s is not possib
rface has its 
bit feedback,
ter control ca
tion 10 bit: O
tion 16 bit: O
nti-Aging S
hip has two p
ent biasing. I
age across th
lied, using t
 integrated sh
le to measure
e can be amp
 of ions is th
ly be reduced
lems using 
easures, thes
e new interfa
 the limits du
Fig. 2. (a
nt source 
age source 
odulated curr
ant current so
C and IExt h
ltage v_heater
an be calcul
le, a separate
own analog 
 working at 8
n be operated
SR 26  
SR 212  
ensor Reado
ossibilities to
n constant cu
e sensor is m
wo integrated
unt, as show
 a sensor’s re
lified with a 
e main reason
. 
high sensor 
e currents ca
ce includes a
e to leakage 
) Low leakage m
ent source (4 
urce impleme
ave a resoluti
 and heater c
ated. For mos
 temperature 
channel to all
 MHz clock 
 at different m
=>   125.
=>   1.95
ut
 measure the 
rrent mode, a
easured. In co
 voltage sour
n in Fig. 2. W
sistance in the
programmabl
 for the senso
resistances ar
n be as large
 low leakage
currents. This
easurement first 
bit base curre
nted with an 
on of 10 bit, 
urrent, which
t heaters the 
sensor can be
ow fast temp
frequency. De
aximum freq
00 kHz = 8 M
 kHz = 8 MH
resistance of t
 current betw
nstant voltag
ces. The resu
ith a typical s
 range of 1 k
e gain betwe
r aging. With
e leakage cu
 as the sens
 measuremen
 works in thre
b 
 
step; (b) Low lea
nt, up to 8 MH
external trans
ISD has a reso
 is transform
heater resista
 connected to
erature modu
pending on t
uencies, for e
Hz/26 
z/212 
he gas sensor
een 10 nA an
e mode a bia
lting current 
ensor voltage
 up to 10 M
en 1 and 4096
 only 100 mV
rrents, for e
or’s current i
t scheme whi
e steps: 
kage measureme
z modulation
istor and a sh
lution up to 1
ed with a shu
nce can be u
 the platform 
lations. It inc
he programm
xample: 
: either using
d 150 μA is 
s voltage in th
through the s
 of 100 mV (
. This is po
. Referring to
 sensor bias 
xample of th
tself and thu
ch allows me
nt second step 
 frequency)
unt 
6 bit. 
nt into the vo
sed for sensin
chip. 
ludes a first 
able oversam
 a constant vo
driven throug
e range of 0 
ensor can th
VN = 0.8 V, 
ssible, becaus
 [1] the DC-
voltage the s
e ESD struc
s prevent acc
asurement of
ltage 
g its 
order  
pling 
ltage 
h the 
V up 
en be 
VP = 
e the 
field-
ensor 
tures. 
urate 
 high 
1049 M. Stahl-Offergeld et al. /  Procedia Engineering  120 ( 2015 )  1046 – 1049 
I
wel
I
sens
leak
B
calc
 
4. M
T
chip
bias
the 
and
new
valu
 
 
5. C
T
sens
real
dev
Ack
T
Plat
Ref
[1] D
[2] C
9
[3] M
I
[4] M
S
n a first meas
l as the leakag
n a second m
or’s resistanc
age currents 
y subtractin
ulated which 
easurement
he SPI interf
 has to be co
ed with 10 m
heater and th
 temperature 
 heater curre
es can be rea
onclusions 
he presented
ors as well a
ize different 
elopment. 
nowledgeme
his work ha
form for Sma
erences 
. Zappa, et al., T
. Huan, et al., A
12-917 
. Siegele, et. al
EEE 11th Interna
. Leidinger, et a
yst., 3, 2014, 25
urement step
e currents, as
easurement s
e the current
are the same a
g the second
can be used t
s with the Pl
ace allows a 
nfigured once
A and the se
e current thro
as well as the
nt which is s
d out even du
F
 CMOS integ
s low power
kinds of oper
nts 
s received f
rt Building M
ungsten oxide na
nalysis of the ag
., Optimized int
tional, 1-4 
l., Selective dete
3-263 
 the current th
 shown in Fig
tep the voltag
 trough the s
s in the first m
 measuremen
o calculate th
atform Chip 
fast and simp
. Then it is p
nor’s resistan
ugh the senso
 sensor’s resi
et via SPI int
ring measurem
ig. 3. Measured t
rated MOS g
 operating mo
ation modes 
unding from
anagement u
nowires for chem
ing characteristi
egrated micro-ho
ction of hazardo
rough the sh
. 2, left side.
e over the se
ensor will be 
easurement 
t from the f
e sensor’s res
le communic
ossible to rea
ce is measure
r at once. Th
stance. For te
erface. For fa
ents. Fig. 3.
emperature cycle
as sensor inte
des with all 
which make 
the Europea
nder the proje
ical detection. A
cs of SnO2 gas s
tplates in CMO
us VOCs for ind
unt is measur
nsor is set to
0 A. By not 
and can thus 
irst one the 
istance. 
ation with th
d out the mea
d with 100 m
en the microc
mperature-m
st measurem
 shows a mea
 of a MOS gas s
rface allows a
kinds of MO
the platform 
n Communit
ct n° 611887
nal. Methods 7, 
ensors, Sensors 
S technology. N
oor air quality ap
ed including 
 0 V by setti
changing the 
be measured, 
leakage curr
e platform ch
surement valu
V it is possib
ontroller can
odulations, a 
ents the new 
sured tempera
ensor in ambient 
 fast tempera
S gas sensor
chip a perfec
y’s FP7-ICT
. 
2015,  2203-220
and Actuators B
ew Circuits and 
plications using 
the current th
ng N to VP. 
potential of n
as shown in F
ent free sens
ip. After pow
es. If, for ex
le to read ou
 calculate the
control loop 
configuration
ture loop. 
air 
ture-modulate
s. Additionall
t one for sens
-2013-10, M
9 
: Chemical, Volu
Systems Confere
a virtual gas sen
rough the sen
Independent 
ode P the re
ig. 2, right si
or current c
er-on the pla
ample, the he
t the voltage 
 heater’s resi
has to calcula
 and the mea
d operation o
y, it is possi
or and applic
SP- Multi-Se
me 156, Issue 2
nce (NEWCAS
sor array, J. Sens
sor as 
of the 
levant 
de.  
an be 
tform 
ater is 
across 
stance 
te the 
sured 
f gas 
ble to 
ation 
nsor-
, 2011, 
), 2013 
. Sens. 
